Background: Medication errors at the time of hospital admission and discharge are common and can lead to preventable adverse drug events. The objective of this study was to describe the potential impact of a medication reconciliation process to identify and rectify medication errors at the time of hospital admission and discharge. Methods: Sixty randomly selected patients were prospectively enrolled at the time of admission to a Canadian community hospital. At admission, patients' medication orders were compared with preadmission medication use based on medication vials and interviews with patients, caregivers, and/or outpatient healthcare providers. At discharge, pre-admission and in-patient medications were compared with discharge orders and written instructions. All variances were discussed with the prescribing physician and classified as intended or unintended; unintended variances were considered to be medication errors. An internist classified the clinical importance of each unintended variance. Results: Overall, 60% (95% CI 48 to 72) of patients had at least one unintended variance and 18% (95% CI 9 to 28) had at least one clinically important unintended variance. None of the variances had been detected by usual clinical practice before reconciliation was conducted. Of the 20 clinically important variances, 75% (95% CI 56 to 94) were intercepted by medication reconciliation before patients were harmed. Discussion: Unintended medication variances at the time of hospital admission and discharge are common and clinically important. The medication reconciliation process identified and addressed most of these unintended variances before harm occurred. In this small study, medication reconciliation was a useful method for identifying and rectifying medication errors at times of transition. Reconciliation warrants broader evaluation. A dverse drug events and medication errors contribute to 20-72% of adverse events around the time of hospitalization [1] [2] [3] [4] and 7-12% of all permanent disabilities and deaths due to adverse events. 5 6 Medication errors at the interfaces of care (admission, transfer and discharge) are particularly common, 1 2 7-13 and many of these errors put patients at risk of clinically important harm. [7] [8] [9] [10] ''Medication reconciliation'' is a three step process of verifying medication use, identifying variances, and rectifying medication errors at interfaces of care.
14 Reconciliation is a process of double checking, including patient interviews as well as examination of available patient records, comparison with orders, and discussions with physicians. Some variances are intended therapeutic changes, but other variances are unintended and can be considered medication errors. If these errors have clinical consequences-that is, if they cause harm or have the potential to cause harm-then they can be considered actual or potential adverse drug events. Reconciliation is a 2005 Hospitals' National Patient Safety Goal established by the Joint Commission on Accreditation of Health Care Organizations (JCAHO). 15 However, there have been few studies of the impact of reconciliation on medication errors during hand-offs in care. One study found that medication errors were reduced by more than 76% when medication reconciliation was implemented at admission, transfer, and discharge, 11 16 with the largest impact at admission. Another study in critical care found that errors at the time of discharge from a critical care unit were virtually eliminated by a reconciliation process. 17 A randomized trial found that post-discharge follow up phone calls by nurses reduced subsequent emergency department visits, but this study did not focus on medication errors or adverse events. 18 Another study found that adverse drug events were reduced when admission medication reconciliation was implemented together with other safety interventions. 19 A study of admission medication reconciliation found that 54% of patients had a discrepancy and researchers estimated that 59% would have resulted in harm had these variances not been discovered. 20 However, this study examined only admission reconciliation and did not involve physician assessment of potential harm.
Reconciliation is not without potential drawbacks. It is potentially labour intensive and time consuming for busy clinical pharmacists. Physicians may view the reconciliation process as irrelevant or superfluous, particularly if unimportant errors with little chance to improve the patient's outcomes are identified. We have undertaken a study of the frequency and potential severity of unintended medication variances at the time of hospital admission and discharge and the potential impact of a medication reconciliation process.
METHODS
This prospective study was conducted at Markham Stouffville Hospital, a 212 bed Canadian community hospital. Patients were randomly selected from all acute care units excluding the rehabilitation and chronic care wards on each weekday in July 2002. A random number table was used to select patients from all new admissions to the units in the previous 24 hours. There were no additional inclusion or exclusion criteria.
Abbreviations: ADE, adverse drug event; CPOE, computerized physician order entry
We allowed at least 24 hours after admission for usual clinical practice to occur before conducting medication reconciliation at admission. Usual clinical practice involved pharmacy or nursing verification of the patients' medication use history if requested by a physician or if there were incomplete or unusual drug orders. At discharge, pharmacists provided medication education if specifically requested by a physician and for additional patients as time permitted. The clinical pharmacist chose additional patients, if time permitted, from discharges involving patients with extended lengths of stay, multiple co-morbidities, and/or multiple medications or medication changes. Usual clinical practice was not interrupted as pharmacists and nurses were not aware of which patients were involved in the study. Usual pharmacy staffing at the hospital is two full time pharmacists covering the general medicine and intensive care/coronary care (ICU/CCU) wards.
A study pharmacist conducted the medication reconciliation process. A comprehensive medication use history was obtained from multiple sources (interviews with the patient and/or caregiver and examination of medication vials). Outpatient community pharmacies and/or doctors were contacted if necessary. The study pharmacist compared the comprehensive medication use history with the admission medication orders. Any difference between medication use at home and admission medication orders was considered to be an admission medication variance. A variance could include an omission of medication, extra medications, or discrepancies in dose, frequency, or dosage form. Variances in prescription medications and acetylsalicylic acid (ASA) were included in the study; variances in non-prescription medications, vitamins, and herbal supplements were excluded.
The study pharmacist discussed each variance with the attending physician immediately upon discovery to determine if the variance was intended or unintended. Unintended variances were considered to be medication errors. Appropriate medication changes were made at the physician's discretion. We recorded whether new medication orders were written to rectify the unintended variances and the study pharmacist's time required to conduct admission reconciliation. The cost of admission reconciliation was calculated by multiplying the number of hours spent by an hourly rate for clinical pharmacist time of $35 Canadian.
Patients were then followed to discharge or until the end of the study period (28 August 2002), whichever came first. The patients' discharge medications were determined from written discharge medication instructions and discharge prescriptions. This information was compared with the patients' preadmission medications and the medication administration records just before discharge. Any differences were considered to be discharge medication variances. The study pharmacist discussed each discharge variance with the attending physician to determine if the variance was intended or unintended. Appropriate medication changes were made at the physician's discretion. We did not record the time required for discharge reconciliation.
An internist reviewed each unintended variance to assess the potential and/or actual clinical importance. Unintended variances were classified as clinically important if they caused or had the potential to cause death, permanent or temporary disability, prolonged hospital stay, readmission, or the need for additional treatment or monitoring to protect the patient from harm.
The proportion of patients with at least one unintended medication variance was calculated, as well as the mean number of unintended medication variances per patient. Similar calculations were also made for clinically important unintended medication variances.
Ethics approval was obtained from the hospital's ethics committee and consent was obtained from all study participants.
RESULTS
Sixty patients were randomly chosen from 168 admissions during the study enrolment period. No patient refused to 
Of the 60 patients enrolled, 56 were followed until discharge, two had not been discharged at the end of the study period, and two died in hospital; the latter four patients were excluded from discharge medication reconciliation analysis. Patient characteristics are summarized in table 1. Of the four patients excluded at discharge, one of those who died in hospital had a clinically important unintended variance at admission.
The main findings are summarized in table 2. Overall, 36 patients (60%, 95% CI 48 to 72) 21 had one or more unintended variances at admission or discharge, including 11 patients (18%, 95% CI 9 to 28) with clinically important unintended variances. The mean number of unintended variances was 2.3 per patient, and the median was 1 variance per patient, (interquartile range 0-4). The medication reconciliation process intercepted 20 (75%, 95% CI 56 to 94) clinically important variances before patient harm occurred. In two cases reconciliation identified a medication error as the cause of patient harm and mitigated further harm. In one patient three medication variances were identified but the intervention was not completed. The patient was readmitted with hypoglycemia partly related to two of the unresolved variances.
At admission, 23 patients (38%, 95% CI 26 to 51) had one or more unintended medication variances at admission, including 10 (17%, 95% CI 7 to 26) with three or more unintended variances. Of the 69 unintended variances at admission, 32 (46%, 95% CI 35 to 58) resulted in order changes by the physician upon intervention. The remaining 37 variances were not further addressed and no orders changed despite having been ordered unintentionally. Physician chose to continue morphine. Later changed to hydromorphone as patient continued to have pain Overall, there were 10 clinically important admission medication variances affecting nine patients (15%, 95% CI 6 to 24). After reconciliation, six of these clinically important variances led to medication order changes. Complete case descriptions of clinically important variances are provided in table 3.
Two patients (patients 1 and 2 in table 3) experienced some harm because of the admission medication variances, but the reconciliation process brought the variances to light and probably helped to prevent further harm.
The median time required to conduct reconciliation at admission was 15 minutes (interquartile range 10-21). The mean cost per clinically important medication variance detected at admission was $64. This estimate was based on an overall time requirement of 1090 minutes for admission reconciliation for all 60 patients, yielding a total cost of $636 in pharmacist time.
At discharge, 23 patients (41%, 95% CI 28 to 54) had one or more unintended medication variances including 10 (18%, 95% CI 8 to 28) with three or more variances. Intervention was required after consultation with the physician for 34 of these unintended variances (51%, 95% CI 39 to 63). Overall, five patients (9%, 95% CI 2 to 16) experienced 10 clinically important discharge variances. Complete case descriptions for clinically important variances are given in table 3. The reconciliation process identified and intervened for seven of the clinically important variances. One patient had been discharged before the intervention for three variances was completed, and the patient was readmitted with hypoglycemia which would probably have been prevented had the intervention been completed (patient 11, table 3).
DISCUSSION
We found that 60% of patients (95% CI 48 to 72) experienced at least one unintended medication variance at admission or discharge, including 18% of patients (95% CI 9 to 28) who experienced 20 clinically important variances. Reconciliation intercepted 75% (95% CI 56 to 94) of these clinically important variances before harm occurred. The mean cost of admission reconciliation was $11 per patient or $64 per clinically important unintended admission medication variance, which compares favourably with the $2013-2595 incremental costs of adverse drug events. 22 23 Our results are consistent with previous studies showing that medication errors at transitions in care are common. 1 2 7-13 The results add to previous descriptive studies of reconciliation that found reductions in medication errors by 70% or more. 11 17 Most importantly, we found that the reconciliation process detected and rectified many clinically important variances.
In our study physicians changed medication orders 49% of the time, whereas in studies involving pharmacists who accompany the physician team during rounds (the ''rounding pharmacist''), physicians accepted pharmacist recommendations 98% of the time. 24 Physicians may view some reconciliation changes as peripheral to the acute hospitalization (for example, Advair for a patient with hepatic encephalopathy) or unnecessary if an alternative course of action may be reasonable (for example, continuing morphine rather than changing back to hydromorphone). Also, reconciliation advice may have been less likely to be accepted because our reconciliation pharmacist was not an integrated member of the existing physician/pharmacist team.
Our study has several limitations. Firstly, we assumed that the best assessment of actual medication use before admission to hospital was a comprehensive interview by a pharmacist. This assumption is supported by a standardized patient study which found that pharmacists were 100% accurate for prescription and non-prescription drug use histories. 25 Secondly, clinical importance was judged by a single reviewer and others may not agree with the reviewer's judgements. We have included sufficient clinical detail about these cases to allow others to draw their own conclusions. Thirdly, we only studied prescription medication variances.
Further studies are required in order to evaluate the frequency and clinical importance of variances in nonprescription and herbal medications. Finally, our study involved a small sample of patients from a single community hospital, so generalizability is limited. The rate of unintended variances in our study is similar to published studies from other settings, so we speculate that other hospitals would have similar experiences. Our results have several implications. Firstly, hospital patient safety programs should focus attention on medication errors at times of transition. Secondly, medication reconciliation was a useful method for identifying and rectifying medication errors at times of transition in this small study, and warrants broader evaluation. Medication errors and preventable adverse drug events are reduced when pharmacists accompany physicians on ward rounds; 24 26 introducing the reconciliation process to a pharmacist/physician team may offer additional benefits. Thirdly, computerized physician order entry (CPOE) systems have only a limited potential role in reconciliation at the time of hospital admission. An electronic outpatient pharmacy database which can be accessed in hospital allows detection of nearly all medication omissions at admission. 7 9 However, these systems only provide information about what has been prescribed. Only a detailed clinical interview can determine how patients are actually using their prescribed medications.
Once accurate admission medication information is obtained, a CPOE system could be very helpful in reducing errors at the time of discharge by generating automatic lists of medications used before and during the hospital admission, relevant drug monitoring data for the community physician, and patient education materials. This would facilitate the reconciliation process by making all relevant medication information available at the time of discharge.
After discharge, patients are often left to deal with medication variances without the support of hospital staff, so there may be greater potential for adverse drug events. We did not contact patients after discharge, but the potential value of this additional step warrants further exploration. 13 18 Process recommendations for medication reconciliation programs are shown in box 1.
In summary, unintended medication variances at the time of hospital admission and discharge are common and N At discharge, written instructions regarding pre-admission medications are included with discharge prescriptions.
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